Introduction
Of the 130 million children born alive each year worldwide, about four million die in the first four weeks after birth. 99% of these deaths occur in low and middle income countries; 4% occur in Bangladesh (Lawn et al. 2005) . Achieving the fourth Millennium Development Goal of reducing under-5 child mortality by two-thirds between 1990 and 2015 remains one of the United Nations" global priorities (United Nations 2001) . The recent trends in mortality suggest that without substantial reductions in neonatal mortality, MDG-4 will not be achieved (Lawn et al. 2005) . Global reviews suggest that almost 60% of childhood deaths can be prevented by increasing the coverage of existing newborn and child health interventions (Jones et al. 2003) . The information on causes of neonatal and child death is important here, since -it can be used to prioritize and to increase the effectiveness of diseasespecific interventions (Baqui et al. 2001; Lawn et al. 2006) .
Reducing neonatal mortality is a particularly important issue in Bangladesh. Although child mortality rates in Bangladesh declined sharply during the last decades of the previous century, the reduction is slowed down particularly in the neonatal period. Among child deaths, those that occur during the first month represent an increasing proportion. Estimates based upon the Bangladesh Demographic and Health Survey (BDHS) suggest that 70% of all under-five deaths occur in the first year of life and 80% of these occur in the neonatal period (see Figure 1 ). It is therefore a significant challenge to reduce neonatal mortality in order to meet MDG-4 of reducing under-five mortality from 133 per 1,000 live births to two-thirds between 1990 and 2015. This study analyzes the levels and the trend of cause-specific neonatal deaths in Bangladesh and associated risk factors, both observed and unobserved.
The findings may help to design policies that reduce neonatal mortality in Bangladesh in particular, but also are potentially relevant for many other countries in the developing world.
We estimate a flexible competing risks model of causes of death until 28 days after birth (neonatal deaths), considering children who survive the neonatal period as censored observations. Our modelling approach is more flexible than in many existing studies of determinants of causes of deaths. It combines a piecewise constant baseline hazard with proportionality assumptions concerning the influence of observed and unobserved risk factors for each cause of death. The model allows the unobserved heterogeneity components in the hazard rates for the various causes of death to be correlated.
Our estimations are based upon prospective panel data from the Matlab region in Bangladesh, following mothers and children over time from 1987 until 2005. Two sets of villages are covered: an intervention area with non-standard health services (International Centre for Diarrhoeal Disease Research, Bangladesh or ICDDR,B area), and an area with standard government-provided health care facilities (comparison area); the differences between the two areas give insight into how the additional health care services shape the child health epidemiology over the period.
Background
The disease structure of neonatal deaths is different from that of post-neonatal deaths or deaths of children older than one year (Bhatia 1989) . Neonatal deaths are associated with biological characteristics of the mother and with problems during pregnancy and child birth, which can be improved by targeted interventions such as tetanus toxoid to pregnant women, nutrition education, and increasing use of antenatal care, or by ensuring safe delivery. On the other hand, socio-economic and programmatic factors that focused on reducing post-neonatal and child deaths become more important during the post-neonatal period, when deaths are more often caused by infectious diseases or accidents. For example, it is obvious that immunization of the children or oral rehydration therapy will not prevent deaths during the neonatal period. It is, therefore, more useful to work with separate models for the determinants of competing risks of neonatal and post-neonatal death. In this study, we only consider the neonatal period.
In many countries, information on causes of death is not available. Verbal autopsy (VA) is a tool used in a retrospective interview with family members about the circumstances of a death to ascertain the underlying cause of death (Chen et al. 1980; Bhatia 1989; Baqui et al 2001; Karar et al. 2009 ). The interview is usually held 22 days after the date of death with the mother, or a close relative or neighbour in absence of the mothers (Karar et al. 2009 ). VA is not often used because it can be prohibitively expensive or difficult. The Health and Demographic Surveillance System (HDSS) of ICDDR,B in Matlab, Bangladesh, however, routinely records all births, deaths and causes of deaths through VA for a total population of about 220,000 (ICDDR,B 2006) . It also incorporates information on several indicators of socioeconomic status of each household. The Matlab HDSS plays an important role in providing accurate information on vital events (e.g. births, deaths) and causes of death that are not often available in many resource-constrained setups.
In 1977, ICDDR,B started to provide extensive maternal-child health and family planning (MCH/FP) services, in addition to existing government health services, in half of the HDSS area called ICDDR,B area. The other half, called the comparison area, continued to get only the standard government health services. The MCH/FP project includes provision of domiciliary family planning services, simple nutrition education, tetanus toxoid immunization for pregnant women (which was modified in 1981 to include all women of reproductive age), community-based oral rehydration therapy, and measles immunization.
These services were introduced incrementally phase by phase (Phillips et al 1984) . In the ICDDR,B area there are several ICDDR,B sub-centres providing treatment for minor illnesses and, basic emergency obstetric care (EOC), and a permanent hospital that provides treatment for diarrhoeal diseases. In order to understand the way in which better health services shape child health, we analyze the data from the area with the better health care services in addition to the government health services (ICDDR,B area) as well as the data from an area with standard government health services only (the comparison area -a typical rural area of Bangladesh).
Most of the studies of cause-specific neonatal deaths in developing countries, including those in Matlab, Bangladesh, reported neonatal mortality rates by age-group, giving insight in when and why the child deaths occur (Chen et al. 1980; Bhatia 1989; Baqui et al. 2001; Lawn et al. 2006; Karar et al. 2009; Chowdhury et al. 2010) . The trends in mortality, however, reveal that factors other than the health and family planning interventions influence the levels of mortality in the ICDDR,B and comparison areas (Bhatia 1989 The analysis of cause-specific death is related to the concept of competing risks (Cornfield 1957; Fine and Gray 1999; Coviello and Boggess 2004) . In a competing risk situation, the analysis of one specific cause of death has to account for competing causes of death. For example, in one study it was found that the probability of a female developing cancer at some point during her life has increased by 25 per cent over a seven years period, but the largest part of this increase was accounted for by decreases in other causes of mortality (Goldberg et al. 1956 ). To our knowledge, our study is the first that applies this type of model to neonatal mortality Bangladesh.
Duration models are often used in demographic and epidemiological research where the events to be modelled are associated with time, such as time till marriage, time from marriage till birth of the first child, or time till death (Cox 1959; Heckman et al. 1985) .
Analyzing the duration to competing causes of death leads to knowledge about when (time) and why (disease types) deaths occur, which is useful for targeting policies of early prevention.
Studies of child deaths have shown that survival chances of several children in a family are correlated and that variation in death risks across families remains after controlling for observed covariates (such as age of mother at birth, gender of the child, or race), and can be attributed to unobserved family level heterogeneity. Examples are adverse genetic traits, inability to take care of the child (behavioural factors), or (unobserved) environmental factors (Mosley and Chen 1984; DasGupta 1990; Arulampalam and Bhalotra 2006) . This is also relevant for specific causes of death. For example, if a mother has a high propensity to give birth to children with too low birth weight, it may well happen that all births to this same mother expose too low weight at birth (genetic traits). Furthermore, closely spaced births of the same mother may be affected by infectious diseases of siblings (disease contamination) or environmental factors such as unsafe water supply or limited access to health care. Finally, as emphasized by DasGupta (1990) , some mothers may be less resourceful in caring for their child than others, reflecting a behavioural effect.
Data
We combined the HDSS data of all live births and deaths of children for the ICDDR,B and comparison area obtained between 1987 and 2005. The data set has records of 107,367 singleton live births (57,830 from the comparison area and 49,837 from the ICDDR,B area) and 4,047 neonatal deaths and their causes (2,446 from the comparison area and 1,601 from the ICDDR,B area). Data on education of both mother and father, occupation of the father, and source of drinking water were obtained from the 1996 and 2005 census. For our purposes, we model the two areas separately. 5
Causes of death
Since 1966 HDSS has recorded data on causes of death, with particular emphasis on child and maternal deaths. Before 1987, the cause of death was assigned by the health assistant, but from 1987 onwards the death form was revised and read by physicians who assigned a cause of death. A single three-digit code was selected from a list of 97 possible codes derived from the "basic tabulation list" of the World Health Organization International Classification of Diseases, Injuries and Causes of Death (World Health Organization 1977) . The death of a child often has more than one cause. The assignment of cause of death followed a hierarchical process whereby certain diagnoses were viewed as more certain than others, and thus given priority as primary and underlying cause of death. The assignment of causes of death is described in detail in the literature (Fauveau et al. 1994; Adjuik et al. 2006; Lawn et al. 2006; Karar et al. 2009; Ronsmans et al. 2010) .
To reduce the sampling error in our statistical analyses resulting from small numbers, the causes of neonatal deaths are first recoded into two categories (1) communicable diseases (CDs): acute respiratory infections, diarrhoea, dysentery, sepsis, meningitis, hepatitis, 5 Some efficiency could possibly be gained by analyzing the two areas jointly, but this would also require some interactions of covariates with an area dummy. We experimented with this but found no improvements. Table 1 in the annex for further details.
Socio-demographic variables
The covariates in the model refer to gender of the child, child birth cohorts (1987-1992, 1993-1999 or 2000-2005) , religion of the family (Muslim or Hindu), dummies for birth order, education of the parents, employment status of the mother and occupation of the father (day labourer or not), source of drinking water (piped water or not), the mother"s age at birth, and the distance to the nearest health facility. Maternal education is a proxy of child care skills and the ability to use modern health care services. Both paternal education and occupation are considered here as household socioeconomic indicators. The birth cohort of child can capture the time trends of cause-specific mortality risks. The distance variable captures the availability of health services, and sources of drinking water the environmental effects. Birth order variables are included to capture sibling effects on the risks of cause specific mortality.
Summary statistics of these variables are presented in Table 1 . NCDs comprised 87% and 78% in the ICDDR,B and comparison areas, respectively. The specific types of NCDs demonstrate that prematurity or low birth weight is a leading cause of death, followed by deaths "unable to specify". Among deaths due to CDs, the majority were due to acute respiratory infections (10.79 and 15.35 percent). show that deaths due to acute respiratory infections form an inreasing share of death due to communicable diseases in the comparison area, with neonatal tetanus or EPI related deaths disapprearing in both areas.
Distribution of causes of deaths

Cumulative incidence of cause-specific death
Before proceeding with advanced competing risks modelling we calculate the nonparametric cumulative incidence functions for the different causes of death to show how the cause-specific mortality changes with the age of the child. The value of the cumulative incidence function of cause j at time t is the probability of dying due to cause j before age t.
The cumulative incidence is a function of the hazards of all the competing events and not solely of the hazard of the event to which it refers. See, for example, Coviello and Boggess (2004) . Figures 6 and 7 show the cumulative incidence functions for neonatal deaths due to different causes based upon the complete samples in the ICDDR,B and comparison areas.
They show that about 15 deaths per 1,000 live births accounted are ascribed to low birth weight (LBW) in both areas. About ten of these deaths occur in the first three days after birth.
The second most frequent cause is unspecified or miscellaneous (OTHER), with about six and nine neonatal deaths per 1,000 births in the ICDDR,B and comparison area, respectively.
These deaths are somewhat less concentrated in the first few days. This applies even more to deaths due to communicable diseases ARI and EPI, which together account for almost ten deaths per 1,000 births in the comparison area and five in the ICDDR,B area. Only about half of these are in the first week after birth. On the other hand, deaths due to obstetric complications (OBSCOMP) and birth asphyxia (BA) are almost exclusively concentrated in the first few days of life. Overall, although levels of neonatal deaths due to the various causes are substantially different in the two areas, the patterns of how these deaths are distributed over the 28 days of the neonatal period are similar in both areas.
Model
The modelling approach used builds on the concept of competing risks. We observe ij  =1 if child i dies from cause j (j =1,….,k) during the first 28 days after birth. We assume each neonatal death is associated with one single cause; there are in total k possible causes; we will estimate models with k=2 and with k=4. The hazard of dying from cause j (j=1,….,k) at time t is denoted by ) (t j  , where t refers to the age of child in days (0-28). In the competing risks model, we only observe the time till the first of k possible exits or until the end of the neonatal period, so that the observed survival time is given by For the two exits model,
is the hazard of dying due to CDs and ) ( 2 t  the hazard of dying due to NCDs at time t. The hazard of dying at time t due to any cause is given
. In general, the hazard of dying at time t is given by 1 ( ) ....
( ).
k tt   This sum corresponds to the single hazard () t  of dying in the basic hazard model. The hazard rates are specified as the following mixed proportional hazards (see for example Manton et al. 1981 or Lancaster 1979 :
The hazard rates are functions of time t, explanatory variables which in our case do not vary over the neonatal period (child, mother and community level observed characteristics), and time constant mother-specific heterogeneity j v . The explanatory variables x are assumed to enter through linear indexes , 1,..., . Our emphasis is on the specification of unobserved heterogeneity , 1,...
capturing unobserved factors that affect survival of a child. Ignoring these factors may bias the parameter estimates. In principle, unobserved heterogeneity can be child specific, mother specific, or community specific. Following several existing studies emphasizing the role of mother specific heterogeneity or "frailty," (Sastry 1997 
Let W= ( 1 W , 2 W )' and let A be the matrix of factor loadings with rows
Then the covariance matrix of the logarithms of the unobserved heterogeneity terms
One additional restriction is needed for identification, we choose 12  =0. The probabilities for the discrete distributions for 1 W , 2 W are Pr( 1 W = -1)= 1 p and Pr( 2 W = -1)= 2 p . We assume for both 1 p and 2 p a logit form, i.e. 1 p = e θ1 /(1+ e θ1 ) and 2 p = e θ2 /(1+ e θ2 ) and we estimate the θ"s. Thus, for example, for our model with two exits (CDs and NCDs) the unobserved heterogeneity terms have the following distribution:
The parameters can be estimated jointly with maximum likelihood in Stata; details on the likelihood function are available upon request. The covariance matrix of the unobserved heterogeneity terms can be estimated ex post, since it is a function of model parameters. This also applies to the total survival and cumulative incidence functions. The total survival function conditional on observed and unobserved heterogeneity is
The cumulative incidence function of cause j is the probability of dying due to cause j before age t. In section 3, we have already presented the empirical cumulative incidence functions for various causes for the complete samples in the two areas. Based upon the model, we can also estimate the cumulative incidence functions for specific child, that is, conditional on observed and unobserved heterogeneity. They are given by:
Integrating out the observed and unobserved heterogeneity, we can also obtain the total survival and cumulative incidence functions. Note that the sum of all cumulative incidence functions at a given age is equal to one minus the total survival function at that age, i.e.
Estimation results
Communicable versus Non-communicable diseases
Tables 3 and 4 present the estimation results for the models distinguishing two causes of death (non-communicable (NCDs) and communicable diseases (CDs)) in the ICDDR,B area and the comparison area, respectively. We focus on the competing risk model introduced in the previous section, controlling for observed covariates in all the hazards and for mother specific unobserved heterogeneity terms that are allowed to be correlated across causes. For comparison, Tables 3 and 4 also present the parameter estimates of standard hazard models without unobserved heterogeneity for each cause of death separately ("traditional model";
first column in each table). In general, the estimated effects of the covariates are similar in the traditional model and in the full model, in terms of sign, size, and significance level.
Allowing for a general form of unobserved heterogeneity therefore has very little effect on the estimated duration dependence (the coefficients in the baseline intensity) or the estimated effects of the exogenous variables. Tables 3 and 4 show that, in both areas, male children are more likely to die of CDs or NCDs than female children in similar families and circumstances. The gender differences are larger and more significant in the ICDDR,B area, and, in relative terms, larger for CDs than for NCDs. The magnitude of the differences is substantial. For example, in the ICDDR,B area, the chances of dying of a communicable disease on a given day in the neonatal period are about 70% higher (exp(0.54)-1)*100%) for a boy than for a girl (ceteris paribus). For a reference individual this is a difference of about 11 deaths per 1,000 over the complete neonatal period.
Religion, father"s occupation and distance to the nearest health facility play no significant role in the ICDDR,B area. In the comparison area, however, a child is significantly more likely to die due to a CDs if the mother is Hindu (rather than Muslim), if the father is a day labourer, or if the distance to the nearest health facility is larger. The latter also applies to NCDs. It seems plausible that distance to the nearest health facility is more important in the comparison area than in the ICDDR,B area, since distances are much larger in the comparison area (cf . Table 1) , making limited access to a health facility a more common concern there (Bhatia 1981).
A higher education level of the mother significantly reduces the NCDs hazard in both areas, whereas it has a negative but insignificant effect on death due to CDs. On average, if the mother is educated up at least secondary level this reduces the number of deaths per 1,000
live births due to NCDs on the first day after birth by 9 in the ICDDR,B area and by 14 in the comparison area.
In line with the demographic literature, first born children and children born to mothers aged less than 20 years old are at higher risk of neonatal mortality compared to the reference categories (20-24 years old mother and higher order births). The differences are much larger and more significant for NCDs than for CDs. In the ICDDR,B area, there is some evidence that children of older mothers (age 25 and older) have a lower risk of dying from CDs than the benchmark category (ages 20-24). There are no significant differences amongst birth orders 2 or higher.
A decreasing trend of neonatal death is observed in both CDs and NCDs in both areas, but it is not always significant. The degree of decline is strongest for CDs in the comparison area, where the risk has fallen substantially in the period 2000-2005. In the ICDDR,B area, there has been a significant reduction in the risk due to NCDs from the first to the second time period considered (a reduction of more than 25% from 1987-1992 to 1993-1999) . In the comparison area, a similar reduction occurred a few years later.
A monotonically decreasing pattern trend is observed in the baseline intensity of dying due to NCDs in both areas: the hazard of dying is largest on the day of birth and already much lower one day after birth, and decreases further during the neonatal period. On the other hand, the pattern is quite different for communicable diseases, for which the hazard declines much less during the first week (and even increases from day 0 to day 1). This difference is in line with Figures 6 and 7 , where we already saw that deaths due to CDs less often occurred on the first few days after birth.
The bottom panels of Tables 3 and 4 show that there is evidence of unobserved heterogeneity in both areas. In the ICDDR.B area, the covariance between the (mother specific) unobserved heterogeneity terms in the two competing hazards is significantly positive, implying a correlation coefficient of 0.28. In the comparison area the implied correlation is 0.66, but the estimated covariance is not significant. In both areas, only one of the variances is significantly different from zero, suggesting that it is hard to identify the covariance structure of the unobserved heterogeneity terms, possibly due to the fact that, fortunately, neonatal death due to each of the specific causes is not such a common event and more than one neonatal death in the same family is rare.
Model with four causes of death
In order to get a better understanding of the deaths due to NCDs, we also split NCDs into three: (1) The disadvantage for boys in NCDs that we already found in Tables 3 and 4 can be attributed to their larger vulnerability to NCs and, in the ICDDR,B area, to death due to low birth weight. We find no significant difference between boys and girls for the category "Other." As in Table 3 , no significant religion difference is found in the ICDDR,B area. In the comparison area, however, a child born to a Hindu mother is not only more likely than an otherwise similar child from a Muslim mother to die from a communicable disease, but is also more vulnerable to death related to NCs.
In both areas, higher education of the mother substantially reduces the risk of death due to LBW. The effects of mother"s education on the other causes of death are much weaker, though some are still significant at the 5% level. Children born to mothers younger than 20 years of age are more likely to die of LBW and "other" causes in both areas. The effects of birth order show that first born children are at higher risk of death due to any cause than higher order births. The differences are large, sometimes more than a factor two; the only exception is death due to CDs in the ICDDR,B area where birth order appears to play no role.
Some of the results for the father"s education level and type of occupation seem puzzling at first sight. In particular, we find that children of fathers with primary education rather than no education have higher risk to die because of NCs in both areas, and the effect is significant at the 5% level (but not at 1%). Moreover, if the father is a day labourer, this reduces the risk to die from NCDs in the ICDDR,B area, whereas being a day labourer is a negative index of socio-economic status. The finding that death due to NCs is positively associated with socio-economics status is in line, however, with data from the nationally representative BDHS 2004 (NIPORT et al. 2005) , which show that deaths due to birth asphyxia are more common amongst mothers with higher education. Chowdhury et al. (2010) suggest this may be related to delivery at a health centre instead of at home, and this finding is in line with large unobserved heterogeneity for deaths due to NCs and increased institutional delivery (which includes mainly birth asphyxia/neonatal infections and delivery complications) in the ICDDR,B area. 6 On the other hand, secondary education of the father reduces the risk to die from "other" causes in the comparison area, and in the same area, being a day labourer increases the risk of death due to CDs (as in Table 4 ), as expected.
Lack of access to running water has the expected effect of increasing mortality due to CDs in the ICDDR,B area. It also increases the risk of dying from LBW. On the other hand, it has no significant effects in the comparison area. In the comparison area, a larger distance to the nearest health centre increases the risk of CDs related death (as in Tables 3 and 4 .
We find some evidence of unobserved heterogeneity: two of the four variances are significant in the ICDDR,B area and one in the comparison area. Moreover, in the ICDDR,B area, the covariance between the unobserved heterogeneity terms in the hazards for communicable diseases and low birth weight related deaths is significant at the 1% level. The other covariances are insignificant at the 5% level. Still, at least in the ICDDR.B area, the covariance matrix of the unobserved heterogeneity terms seems easier to estimate in this model than in the model with only two causes of deathwe no longer find the very large standard error found for NCDs in Table 3 . This suggests that this large standard error might be due to aggregation of rather different causes of death. (That this problem does not arise in the comparison area may be because of the larger death rates there.)
Cumulative incidences functions
The cumulative incidence functions corresponding to the models with four causes of death for the benchmark cases are shown in Figures 8 (ICDDR by about 5-6 deaths per 1,000 live births compared to the reference period 1987-1992. In the competing risks situation, the decrease of deaths due to LBW is perhaps partly substituted by an increase of deaths due to neonatal infections or obstetric complications at birth.
Discussion and conclusion
This study analyzes causes of neonatal death, derived from open-ended death history data reported by the mother or a close relative or neighbour (in absence of the mother) and recorded by non-medically trained field workers. A remarkable success is the reduction in the number of neonatal deaths due to neonatal tetanus or EPI, which mainly explains the reduction of total neonatal mortality in ICDDR,B area, and which is well noticed in other studies (Bhatia 1989; Baqui et al. 2001 1986 (Karar et al. 2009 ). It may be noteworthy to mention that lack of consistent case definitions and rules in the hierarchical assignment of causes may hinder comparisons across time and studies.
The time of exposure to a disease (the number of days after birth) is an important phenomenon in epidemiological studies. This study finds that the number of children dying during days 1-6 due to all types of NCDs falls over the period, but on the other hand the number of deaths due to CDs increases. Studies in Matlab (Bhatia 1989; Chowdhury et al. 2010 ) reported that the ICDDR,B program significantly reduced neonatal mortality within one day after birth, which is also apparent in our estimations (Figures 10 and 11) .
Our result confirms the general conclusion of the levels, trend and pattern of causes of neonatal deaths, but we find some remarkable socioeconomic differences in the causespecific deaths. Cause-specific deaths due to low birth weight and other causes (sudden deaths, specified, unspecified) are better explained from the socio-economic covariates than the others. Secondary education of the mother reduces deaths due to LBW significantly and thus it seems that education helps women to improve general socioeconomic status or overcome the barriers set by low autonomy in traditional society. Education improves women"s innate ability in pregnancy management and in caring for their child and management of household work (DasGupta 1990) .
First-borns and children born to a young mother (age below 20) are more likely to die due to LBW in both areas, but particularly in the comparison area. This reflects an advantage of high quality primary care services and interventions for the risk of low birth weight (LBW) in the ICDDR,B area. Father"s education leads to lower risk of neonatal mortality due to LBW in the ICDDR,B area, possibly as an indicator of the family"s general socioeconomic status, which helps to take advantage of high quality services in ICDDR,B area. In the comparison area on the other hand, the father"s being a day labourer, another index of poor socio-economic status, makes neonatal death due to CDs more likely.
Neonatal death is more likely among Hindu families (due to CDs and NCs) in the comparison area and a similar trend is observed in a study for India (Bhalotra et al. 2010a,b) .
In the ICDDR,B area, extensive health services apparently annihilate this religion difference.
Male children are more likely to die than female children due to CDs and NCDs in both areas.
The (relative) difference is largest for CDs in the ICDDR,B area (almost 72%). Furthermore, gender discrepancies in deaths due to NCDs are mainly related to NCs. This is in line with a study that finds that infant mortality is inherently larger for boys than for girls, but that this can be reversed by environmental disadvantages for female children. (Waldron 1983; Chowdhury et al. 2010 (Bhuiya et al. 1986; Fauveau et al. 1991) .
Keeping constant socioeconomic indicators (parental education and occupation) in the model, the risks for first-borns and children of young mothers remain significantly higher than for others, probably pointing at a role of physiological factors rather than socioeconomic factors (Bhatia 1989 ).
An additional contribution of our study is to allow for a flexible form of unobserved heterogeneity. We could not include some potentially relevant covariates, such as use of antenatal care and birth practice, which might lead to unobserved variation in the outcomes of Our findings highlight the role of maternal and child health interventions for child survival, particularly tetanus toxoid immunization for pregnant women, nutrition programs, and high coverage health services (distance to health centre and information dissemination).
Death due to EPI has been eliminated, but in order to achieve MDG-4 of reducing child mortality, strategies targeting acute respiratory diseases remain necessary.
For further reduction of neonatal mortality due to low birth weight it is important to add strategies to ensure equitable utilization of services by various socio-economic groups to the existing programs, such as for low educated mothers, and particularly for their first pregnancy. On the other hand, the finding that unobserved heterogeneity in the ICDDR,B
area is much larger for deaths due to NCs than in the comparison area suggests more death tolls because of poor quality of institutional delivery and in foetus monitoring. It also may mean that not everyone benefits equally from the health interventions, so that policies that increase quality and equity in interventions may help to further reduce neonatal mortality. Reference category: gender is female, religion is Muslim, mother and father have no education, mother"s age at birth 20-24 years, father is not day-labourer, source of drinking water is tube-well/pipewater, living at average distance to health centre, child birth cohort 1987-1992, baseline intensity 7-28 days. Reference category: gender is female, religion is Muslim, mother and father have no education, mother"s age at birth 20-24 years, father is not day-labourer, source of drinking water is tube-well/pipewater, living at average distance to health centre, child birth cohort 1987-1992, baseline intensity 7-28 days. Notes: d centered around its mean in each area; * p-value<0.05, ** p-value<0.01, standard errors are in parenthesis Reference category: gender is female, religion is Muslim, mother and father have no education, mother"s age at birth 20-24 years, father is not day-labourer, source of drinking water is tube-well/pipewater, living at average distance to health centre, child birth cohort 1987-1992, baseline intensity 7-28 days. a Low birth weight/prematurity b Neonatal infections, birth asphyxia, obstetric complications, respiratory disorders, birth trauma, cord haemorrhage congenital abnormalities c skin infections, fever, jaundice, intestinal obstruction, Oedemas, external cause (injury), homicide, and sudden infant death, unspecified cause, other disorder in the perinatal period 
